ABSTRACT
INTRODUCTION
Optical tomography is currently seeing research exposure as a potential imaging method to locate cancerous tumors close to the surface of the skin due to its low process cost and efficacy at identifying somatic cells undergoing rapid cell division. However, due to optical tomography's poor spatial resolution (2-3mm) and limited depth penetration (several centimeters), it is necessary to co-register the optical image with an identical cross-sectional image collected using an X-ray Computed Tomography (CT) scanner to accurately place the growths against anatomical structures [1] . Most small-animal optical tomography instruments currently on the market are standalone and are primarily used for translational research purposes. As a result, the specimen must be physically moved from the CT scanner to the optical imaging setup between scans, necessitating fiducial markers. This process can be quite unrepeatable, and due to non-standardized registration software, co-registering the two images can become a difficult task. Multimodal imaging setups are seeing development at the research level, but only for small animals [2] .
A desire to simplify the complex mathematical image co-registration of CT images with optical tomography images has led to the design and development of human-sized optical tomography gantry capable of interfacing with existing flat-panel volume CT (fpVCT) scanners. With the optical tomography gantry serially integrated directly into the CT-scanning process, there is no need to physically disturb and relocate the patient between scans, thus facilitating the resulting image co-registration. Particular to the application that the mobile gantry described herein was designed for, mobility, small footprint, low-cost and modularity were key design requirements. The basic infrastructure involved in the mobile gantry could have applications in other areas that necessitate precision rotary motion around a patient. Especially for research institutions without the necessary funding or space to purchase a multi-million dollar CT scanner, a system similar to that described in this paper could be an ideal solution for those seeking a low-cost computed tomography setup.
DEVICE SPECIFICATIONS
The gantry was designed with the initial intent of integration with fpVCT scanners. As a result, the devised functional requirements of the system are somewhat dependent on the integration aspect, although they encompass what would be generally desirable from a standalone mobile gantry for other applications as well. The functional requirements (FRs) for an integrated optical imaging system are as follows:
1. Emitter and collector must achieve independent 360-degree rotary motion, each with an angular resolution of 1.5 degrees (corresponding to ~1 mm circumferential resolution around a mouse head) and a circumferential positional precision of <0.5 mm. 2. Setup must be capable of 30 cm linear travel down body to encompass the entire head/neck region with 1 mm precision.
• Current CT scanner beds already have the capability to travel linearly with sub-millimeter precision, so there was no need to design for this in an optical setup as it would be a redundant feature 3. The setup must achieve 2 mm alignment accuracy with CT scanner 4. The prototype must fit inside a 52 cm x 190 cm x 178 cm box (defined by the space between the CT scanner and the bed) 5. The scanning procedure must occur in darkness The relevant degrees of freedom as set by our functional requirements are shown in Figure 1 .
FIGURE 1: ILLUSTRATIONS OF RELEVANT DEGREES OF FREEDOM. (A) CIRCUMFERENTIAL POSITIONING, (B) AXIAL POSITIONING
To address the problem of developing a system capable of achieving aforementioned design requirements, a mobile optical gantry was designed and fabricated that consists of two independently actuated aluminum rings, upon which imaging instruments (an emitter and a collector in simple cases) can be mounted. The drive, constraint and bearing systems for each ring are identical so that the gantry can be scaled according to the desired application.
MECHANICAL DESIGN
In addressing the functional requirements described in the previous section, our solution features two independently rotating, concentric rings; one ring for the emitter and one ring for the collector (FR 1).
The rings sit upon a base with various alignment artifacts to accurately locate and align the gantry in relation to the CT scanner (FR 3). The entire system is 50.8 cm x 187 cm x 167 cm to satisfy FR 4. ABS plastic paneling and curtaining was used to satisfy FR 5. The remainder of this section will go through the design process, from the initial stages of brainstorming strategies, to detailed design and analyses of our system's critical modules.
Strategies
Initial design meetings yielded three strategies which were analyzed independently to gauge feasibility of implementation. These three strategies are shown in Figure 2 . The first features two concentric rings, one emitter ring and one collector ring, which rotate independently of each-other. The second is a "face-hugger" concept in which the device platforms are semi-circles which wrap around the specimen. The third features a single rotating ring, upon which a collector is rigidly fixed and an emitter travels around the circumference on a motorized cart.
In satisfying the aforementioned FRs, it was decided that the simplest concept to pursue featured two concentric rings; as the two rings are ultimately performing the same task, they are both functionally identical. As a result, we could establish proof-of-concept with a single ring and, pending the success of our proof-of-concept, implementing the second ring would be a non-issue.
FIGURE 2: (A) TWO INDEPENDENTLY-ROTATING CONCENTRIC RINGS, (B) "FACE-HUGGER" CONCEPT, (C) FIXED COLLECTOR AND MOBILE EMITTER ON SINGLE RING

Modules
A photograph of the fully assembled prototype is shown in Figure 3 . Two concentric, independently rotating rings are shown: one for the collector and one for the emitter. The rings rotate upon a structural assembly, primarily constructed from T-slotted 80/20 extrusions, upon which the bearings and drive system are affixed.
FIGURE 3: GANTRY PROTOTYPE WITH PANELING
The remainder of this section will present more detail regarding the design, analysis and fabrication of each critical module of our device. We will go into the rationale behind the design of each module, briefly present results of any relevant analyses performed in validating the design, and mention any complexities or non-trivialities that arose during the manufacturing process.
Rings
The rings are the most critical modules of the entire machine and act as platforms upon which a variety of instruments can potentially be mounted. They must be precisely designed and manufactured to allow 360-degree rotary motion with negligible frictional losses. They must interface with driving and bearing elements, and must also accommodate any data cables connected to the aforementioned imaging devices. Finally, the rings must be large enough so that an entire human body and CT bed can fit inside them with sufficient clearance from any spinning imaging components. Designing the ring cross-section was an iterative process wherein we had to account for these factors as well as the cost and manufacturability of the ring. A drawing of the final ring design is shown in Figure 4 .
(a) (b)
FIGURE 4: RING PROFILE AND CROSS-SECTION
The ring, made out of 6061-T6 Aluminum, has a 48" (122 cm) OD, 45.5" (116 cm) ID and an octagonal cross-sectional profile. The bevels are roller faces, and rubber strips are adhered to the outer circumference of the ring that act as channels for the capstan drive cable and any USB data cables from mounted instrumentation. The ring was manufactured via a rolling process where two 12-foot Aluminum extrusions were welded together, rolled to our specified dimensions, seam-welded, and the diagonal faces post-machined to uphold dimensional tolerances and avoid any warping during the rolling process.
Bearing Supports
Each ring is primarily constrained at the bottom by two identical bearing supports that are positioned at an angle of 60 degrees with respect to another, symmetrical about the vertical centerline of the ring. The locations of the bearing supports were deduced based on an analysis of reaction force magnitudes in response to a load at the top of the ring in the r, θ, and z directions (results shown in Figure 5 , where α is measured from the bottom of the ring; reaction forces are minimized for angles between 0.5 radians < α < 1 radians, or ~30 degrees < α <~60 degrees).
FIGURE 5: BEARING REACTION FORCES AS A FUNCTION OF BEARING SUPPORT ANGLE FOR A 100N APPLIED LOAD IN 3-DIMENSIONS.
A single pair of rollers is positioned at the top of each ring, allowing the rings to be precision-aligned with respect to the scanning plane of the CT scanner, as well as offering the stability and security benefits of outriggers in boats. Although the outrigger rollers are redundant from a constraint standpoint, they help to correct for any sources of slack in the bearing structural loop that might amplify deflection errors at the top of the ring. A parametric error-tracking analysis using homogenous transformation matrices (HTMs) was performed to verify the necessity of these outrigger rollers from a deflection-prevention standpoint [5] . A load of 10 N was applied in the x, y, and z-direction at the top of the ring, and due to reactionary forces in the bearing blocks, errors in the bearings were systematically tracked back to a common ground point using first principles to quantify the numerical compliance of the bearing blocks. Any angular deflections in the bearing blocks themselves at the bottom of the ring result in Abbe errors (sine errors) which greatly amplify the deflection of the top of the ring under an applied load. The resulting Abbe deflection vector for a 10 N load in the r, θ, and z direction is: mm 9 . 43
The rings are extremely sensitive to loading in the z-direction. As a result, outrigger rollers are necessary to constrain these large-scale deflections.
HTM methodology was also used to estimate the deflection of the ring due to impulse forces (exerted on the bearings and capstan cable due to the momentum transfer that occurs when the ring rapidly decelerates after a step). Conservatively estimating an impulse force of 50 N (a reasonable value given the default deceleration of the stepper motors), the ring can travel up to ~0.5 cm in θ-direction past the designated stopping point before settling due to bearing and capstan cable compliance. This results in a damped oscillatory response after each step with initial oscillatory amplitude of 5 mm. As a result, from a process/imaging standpoint, it is necessary to allow sufficient holding time after each step before imaging so that any transients die out. More work should be performed to quantify the characteristic settling time of the damped response for process optimization.
The main bearing supports at the bottom of each ring are designed to allow the ring to be rotated about its axis with minimal frictional resistance, while constraining axial and radial movement. Each of these bearing supports consists of four aggressive inline skate rollers that contact the ring in approximate point contact, in an effective frontto-front bearing configuration. Rolling-point contact was desired between contact-faces since this virtually eliminates Abbe errors between the contact faces and is therefore relatively forgiving to the slight misalignments that are expected from inaccuracies in machining and assembly. The four rollers of each bearing bracket establish a force couple with an effective moment arm of l lmom ~ 4.45 cm, defined by the distance between intersecting contact force normals as illustrated in Figure 6 . Hertzian contact, static beam, and finite element analyses were performed on the bearing bracket and rollers in order to quantify reaction forces and deflections at load, thus locating stress concentrations and identifying likely failure modes. Disregarding the outrigger rollers at the top of the ring, forces applied at the very top and normal to the plane of the ring (furthest from the position of the main support-bearings), produce the greatest mechanical leverage and the greatest force-amplification into the bearing blocks. It has been shown by our calculations that, given a large load on the order of 100 N placed at the top of the ring, normal to its imaging plane, the rollers would likely deform by a couple of millimeters and fail in shear (rubbing). Furthermore, the shoulder bolts, while not expected to fail, would undergo significant deformation (a few millimeters). Assuming that in the worst case a 500 N reaction force (resulting from the 100 N load at the top of the ring) is applied directly perpendicular to the axis of a shoulder bolt at its full length (extremely conservative), static beam theory shows:
shows that shoulder bolts are expected to approach yield in the absolute worst case.
In order to account for expected machining inaccuracies in both the ring and the bearing supports, as well as to optimize machinability and ease of assembly, the bearing brackets were designed such that the rollers could be preloaded against the ring in pairs, using a thumb screw for high-resolution positioning and two precision-ground guide shafts for linear alignment of the mating bearing blocks (see Figure 7) . In order to account for small variances in the ring cross-section during operation, Belleville disc washers were placed on both sides of each roller, allowing these to undergo small position adjustments along the axis of each shoulder bolt to maintain contact with the ring.
Polyurethane inline skate rollers were chosen for the following reasons: Chemical resistance (cleaning purposes), abrasion resistance (friction), compliance (surface finish & dimensional variances), and rubber-like properties (elastic deformation, minimal hysteresis). The frame of each bearing bracket was chosen to be machined from 1" aluminum, allowing for its shape to be waterjetted from sheet metal, and requiring only minor finishing and drilling operations for completion.
FIGURE 7: PHOTOREALISTIC RENDER OF BEARING BLOCK SUB-ASSEMBLY, SHOWING (1) PRELOAD THUMBSCREW, (2) PRECISION-GROUND GUIDE SHAFT, (3) HOMING SENSOR, AND (4) CAPSTAN CABLE GUIDEBOX.
Base
The base comprises the majority of our device's structural loop, so it is designed in such a way to optimize the overall system stiffness while minimizing weight and complexity. The base is primarily constructed from T-slotted 80/20 aluminum extrusions. The unique cross-section of an 80/20 extrusion situates a large amount of mass away from the neutral axis, increasing the stiffness per weight ratio of the extrusion. The T-slotted grooves accommodate sliding T-nuts, upon which a variety of external brackets, gussets, and mounting plates can be fastened. The stiffness, modularity, and relative ease-of-assembly are the driving factors that led us to construct our base out of 80/20. The T-slotted profile offers a sufficient compromise both in terms of resistance to bending and weight per unit length when compared with more conventional cross-sections of structural extrusions (of similar size).
An idiosyncrasy of the fpVCT that our gantry is designed for (a research prototype scanner manufactured by Siemens) is that the CT is not full-bore, meaning that the back is closed off and the bed cannot extend completely through it and out the other side. As a result, our device must fit in between the bed and the front of the scanner (FR 4). Additionally, the mobile gantry must be pushed into place without putting any pressure on the floor pad that houses the CT's data cables. Figure 8 shows the mobile gantry when integrated with the CT scanner. 
FIGURE 8: PHOTOREALISTIC RENDER OF INTEGRATED MOBILE GANTRY
In order to avoid putting pressure on the floor cable pad, we developed a cantilevered design (Figure 9 ), where the base sits upon four caster wheels offset from the geometric center and is neutrally stable about these four wheels given sufficient counterweight (~115 kg of solid steel plates). A single caster at the front of the machine is mounted on hinges, and is bi-stable in both the open and folded position via powerful earth magnets. This front caster is for stability purposes only (akin to training wheels on a bicycle) and does not bear any weight during nominal operating conditions. Two nylon-coated leveling mounts at the front end can be lowered to bear the weight of the gantry and increase the resistance of the gantry to external vibration.
FIGURE 9: CLOSE-UP OF THE BASE. THE CASTERS ON THE RIGHT BEAR THE LOAD OF THE MACHINE, AND THE CASTER ON THE LEFT FLIPS UP AND DOWN TO CIRCUMVENT THE CABLE PANEL OF THE CT SCANNER.
The base also features all of the alignment structures for accurately locating the gantry with respect to the CT scanner. The coordinate system referred to hereafter is visualized in Figure 10 .
FIGURE 10: COORDINATE SYSTEM USED IN SCANNER ALIGNMENT
Five Delrin® alignment rollers line the back face of the mobile gantry's base. These rollers are used to reference the front face of the CT scanner, making sure the planes upon which the CT gantry and optical rings lie are parallel. Alignment in the x-direction is achieved via an alignment bracket which clamps onto the CT's floor cable plate without structurally compromising the plate. The bracket features two tension ball latches that mate with corresponding strikes rigidly mounted on the gantry to repeatably locate the device with ~3 mm precision. Finally, manual adjustment is used to align the scanner in the y-direction by screws that allow for fine adjustment of bearing table height. The alignment procedure, including callouts for the relevant alignment structures used during respective alignment steps, is shown in Figure 11 .
FIGURE 11: (A) DELRIN® ROLLERS REFERENCE THE FRONT OF THE CT SCANNER TO ACHIEVE Z-ALIGNMENT, (B) TENSION BALL LATCHES AND STRIKES SNAP TOGETHER TO ACHIEVE X-ALIGNMENT, AND (C) FOUR HEX SCREWS ALLOW FINE ADJUSTMENT IN THE Y-DIRECTION Drive System
The nature of the optical tomography process necessitates discrete, stepwise rotary motion with utmost precision and repeatability. As a result, the gantry implements a positively-engaged power transmission system driven by stepper motors. Traction drives are susceptible to slippage when not adequately preloaded, and given the likelihood that the rings would have a major and minor diameter difference on the order of 1/16" as specified by the manufacturer, there would undoubtedly be preload fluctuations. Therefore, although a traction drive would offer continuous, unbounded rotation, it was decided that an encoder and feedback system would be necessary to uphold the positional precision tolerances set forth in aforementioned functional requirements, thus driving up both the cost and complexity of our device.
The drive setup is shown in Figure 12 . For each ring, a stepper motor is coupled to a jackshaft that drives a syncromesh pulley in a traditional sleeve bearing setup in accordance with St. Venant's principle. Syncromesh pulley and cabling systems are intended for capstan applications, but offer the positive engagement benefits that are desirable from gear and pinion, timing belt, or chain and sprocket systems. The cables feature a primary steel winding with a secondary nylon winding spiraling about the axis of the cable. The pulleys feature corresponding grooves that mate with the nylon spirals, positively engaging the system and preventing slippage/backlash. Both ends of the cable are rigidly attached to the circumference of the ring via steel eyelets, in an overlapping fashion to allow for approximately 380-degree motion. The nature of a capstan drive system prohibits unbounded rotation; as a result, our device has the capability of achieving ~380 degree motion, or ~190 degree motion in both directions. As a result, after a ring has reached its maximum rotation as constrained by the capstan cable length, it must be "homed" back to position zero. 
FIGURE 12: MOTOR SETUP (LEFT), SYNCROMESH PULLEY AND CABLING SYSTEM (RIGHT)
The entire drive platform is situated upon linear slider bearings, and the system is preloaded via high-strength extension springs. A springdriven preload system was implemented to accommodate any eccentricities in the ring while still maintaining tension in the cable.
In sizing the motor, it was assumed that the ring would rotate with a triangular angular velocity profile. The moment-of-inertia J of the ring about its axis of rotation was calculated using (5) Assuming we want the ring to rotate through an angle θ in time t, we can calculate angular velocity ω and angular acceleration α. Given our calculations and the conservative efficiency estimate, the Lin 4118M-25D stepper motor was selected due to its compact size, sufficient holding torque (0.54 N·m) and high inductance per phase (50 mH/P).
A detailed Hertzian contact analysis was performed to quantify extent of bearing preload that can be applied without breaching the motor's maximum torque limit. The preload force on our ring was backed out assuming a given roller deflection motion as a result of tightening the preload thumbscrew. The Hertzian contact equations used are rather complicated and are left out for brevity. Additionally the relationship between preload force F preload of a single roller and roller deflection δ roller is not easily solved for analytically. However, for our particular setup, the relationship is roughly quadratic and follows Equation 9.
( ) Subtracting any elastic deflection in the shoulder bolts, accounting for the mass of the ring, and assuming a rolling resistance of µ = 0.002 (a typical value for polymer on metal), the results are shown in Figure 13 .
FIGURE 13: TORQUE REQUIRED TO ROTATE RING AND MAXIMUM DEFLECTION OF RING UNDER A 10-N LOAD APPLIED IN THE Z-DIRECTION AT THE TOP OF THE RING AS A FUNCTION OF THE NUMBER OF TURNS IN THE PRELOAD THUMBSCREW. TURNS BEGIN COUNTING FROM FIRST CONTACT BETWEEN ROLLER AND RING
According to Figure 13 , we can preload the ring with up to four turns of the preload thumbscrew without breaching the upper torque limit of our motor. The maximum deflection due to a 10 N load applied at the top of the rings, given the preload of the bearings, is also plotted. An inverse proportionality exists between bearing preload force and max displacement under load (as one would expect), so the idea is to minimize both the motor torque required and the ring's sensitivity to external loading conditions. We don't want to stress the motor, but at the same time we would like to maximize the ring's resistance to external loading. Both parameters are theoretically minimized between two and three turns of the preload thumbscrew.
Cable Management
In order to achieve 360+ degree motion as specified by the system's functional requirements, it was necessary to design a simple system that would feed data cable to the ring during positive rotations (rotations taking the cable away from the point of entry) and retract cable from the ring during negative rotations (rotations returning the cable towards the point of entry), while maintaining tension in the cable. The solution involves a free-sliding counterweighted pulley that uses gravity to maintain tension in the pulley, while a feeder pulley directs the cabling into channels around the circumference of the ring.
The cable management design is illustrated in Figure 14 . The yellow star represents the anchor point of the cable. As the ring rotates counter-clockwise, necessitating a greater length of cable, the freesliding weighted pulley translates upwards while maintaining tension to spool out more cable. As the ring rotates in the opposite direction, less cable need be supplied to the ring, and the excess is taken up by the weighted pulley as it translates downward due to gravity. The counterweighted pulley system was chosen due to its robust design and simplicity of implementation. 
Electronics and Software
The wiring scheme on board the gantry is relatively simple in design and implementation. Two Lin R256 controllers are connected serially to a USB converter that relays commands sent by the PC. These controllers drive the motors, status LEDs, and also any electric release brakes that might be implemented in the future. A killswitch cuts power to the machine in the event of an emergency. The gantry operates off of a single 24VDC medical-grade power supply and draws about ~1.1 A nominally during operation.
A graphical user interface (GUI) was designed to give the user control over the mechanical functionality of the device (Figure 15 ). Software was developed using MATLAB's GUIDE interface. The software ultimately gives the user control over the speed, resolution, and positioning parameters of the rings. Each ring can be homed by traversing the ring until a photoelectric switch is tripped (by a "homing flag" located arbitrarily on the circumference of the ring). Non-realtime position graphics illustrate the user-designated position of the instrument mount following a command.
FIGURE 15: SCREENSHOT OF THE GUI USED TO CONTROL THE MECHANICAL FUNCTIONALITY OF THE MOBILE GANTRY
The user may also elect to execute a demo scan by specifying a total angle of revolution, resolution (degrees traversed per step), starting angle and holding time. If the demo scan is executed, the designated ring will home, rapid-traverse to the starting angle, step according to the user-specified resolution and pause for the holding time at that position before it commences its next step (a function of the settling time of the ring following a step). Once the ring has traversed the total designated angle of rotation, the scan is terminated. As the gantry acts as a platform upon which a variety of instruments might be placed in the future, this section of the code is robust and left open for the user to program his own instrumentation commands directly into the MATLAB m-file.
TESTING, VALIDATION AND RESULTS
The mobile gantry in its current state is a fully-functioning prototype, meaning we have demonstrated mechanical functionality with both rings. The remainder of this section will describe the experimental procedures undertaken to quantify the positional repeatability of the rings, as well as the relationship between required motor torque and preload. Additionally, a cost breakdown of the entire system will be presented.
Testing Positional Repeatability
The gantry currently operates in open-loop, meaning the positional repeatability of the device depends entirely on the precision of the stepper motors. In order to validate the positional repeatability of our ring, the following procedure was performed: 1. Affix camera to ring 2. Home camera. 3. Send to specified circumferential position, capture image of specimen (stuffed beaver). 4. Re-home camera. 5. Send to same position, capture image of specimen. 6. Correlate both images to identify any discrepancies between the two. The results of this procedure are presented in Figure 16 . As can be seen, our device is extremely repeatable to within microns (the hair of our specimen is roughly ~76 µm, or 0.003", in diameter, so our device is repeatable to less than 70 µm precision as indicated by the few stray gray marks in the correlated image). FR1 calls for sub-millimeter positional precision; with a validated precision of 70 µm, our openloop system has achieved FR1.
FIGURE 16: (FROM TOP) IMAGE FROM FIRST PASS, IMAGE FROM SECOND PASS, CORRELATED IMAGE (WHITE INDICATES PERFECT CORRELATION) Torque/Load Limits
The measured torque required to rotate an unloaded ring can vary from 0.1 to 0.5 N*m depending on (1) amount of preload, and (2) direction of ring rotation (ascent or descent of cable counterweight). Required motor torque to rotate the rings vs. preload is illustrated in Figure 17 . Although the non-linear trend isn't as accurately reflected in the theoretical model, the results of the Hertzian analysis presented in Figure 13 provide a sufficient correlation (from an order-of-magnitude standpoint) with empirical results.
FIGURE 17: REQUIRED MOTOR TORQUE VS. PRELOAD (THEORETICAL AND EXPERIMENTAL) FOR TWO TORQUE STATES: ROTATING WITH CABLE COUNTERWEIGHT AND AGAINST CABLE COUNTERWEIGHT. ALL MEASURED VALUES ± 0.02 N·M
In the gantry's current state, the maximum instrument load (without counterweight) that the steppers can rotate is ~3 kg. This upper-bound is constrained by the dynamic torque limits of the selected motors. If an equal counterweight is used at the opposite side of the ring to balance the load of the instrument, then the device in its current state can rotate ~25 kg of instrumentation. This upper-bound is constrained by the increased ring inertia and rolling resistance of the bearing blocks due to a heavier mass. If larger (non-counterweighted) instruments are desired, the motors must be scaled accordingly (from a structural standpoint, the rings and bearing blocks themselves can support up to 100 kg of load). Equation 9 can be used to roughly quantify the motor torque (in N·m) required to rotate an instrument load m load without a counterweight. 
Cost Breakdown
A detailed cost breakdown for the mobile gantry is shown in Table 1 . Costs are broken up into categories based on whether or not the constituent components are specific to the gantry developed for CTintegration, independent of scanner size, scalable based on the number of desired rings, or scalable based on the width of the machine. Figure 18 shows how component costs (including stock, machining and assembly) relate to each-other. The rings comprised the most expensive portion of the gantry, taking up over a third of the total costs.
FIGURE 18: OVERALL DEVICE COST SUMMARY
A cost analysis was performed to qualify how costs scale when manufacturing a gantry of larger size/more rings. As many parts are redundant and do not scale with the size of the machine, the cost does not scale linearly. It was found that a fully-functioning mobile gantry costs $9,500 for the first ring and an additional $4,500 for each additional ring (including labor).
CONCLUSIONS AND FUTURE WORK
We have designed and manufactured a functioning proof-of-concept prototype consisting of two rings that rotate independently. Our device is designed in such a way that the manufacturing and assembly process of both rings are identical in every aspect. Now that we have proven functionality, future plans include:
• Interfacing with a fpVCT to test and validating alignment to meet FR 3 and FR 4.
• Quantify settling time of ring after each step, and seek methods of damping out vibrations from external sources • Validate the device as an optical tomographic scanner using custom designed nude mouse and phantom models of metastatic breast adeno-carcinoma. Labor Costs Misc.
• Redesign motor sub-assembly to accommodate larger motors for rotating ~25 kg x-ray tubes in pursuit of low-cost CT application
